Introduction: There is mixed evidence about emotional processing abnormalities in schizophrenia and schizoaffective disorder, with self-reports and clinician ratings indicating significant differences between patients and controls, but studies of in-the-moment, self-reported emotional experience finding only small differences between these groups. The current meta-analysis synthesizes statistics from studies measuring the P3 and LPP, two event-related potential (ERP) components sensitive to attentional allocation, to examine whether patients exhibit ERP response abnormalities to neutral and valenced visual stimuli. Methods: Standardized mean amplitudes and standard errors of P3 and/or LPP waveforms (300-2000 ms) in response to neutral and valenced images were calculated for 13 studies (total n = 339 individuals with schizophrenia, 331 healthy controls). Results: In response to neutral images, there were very small, non-significant differences in ERP amplitudes between patient and control groups (k = 9; Hedges' g = −0.06, 95% CI: −055, 0.43, p = 0.81). In contrast, patients showed a small, significant reduction in ERP amplitudes compared to controls in response to negative images (k = 13; Hedges' g = −0.32, 95% CI: −0.59, −0.05, p = 0.02) and a small, but nonsignificant, reduction in amplitudes in response to positive images (k = 7; Hedges' g = −0.27, 95% CI: −0.71, 0.18, p = 0.24).
Introduction
It is widely reported that individuals with schizophrenia and schizoaffective disorder have emotional abnormalities compared to controls (Kring and Elis, 2013; Trémeau, 2006) . These abnormalities can have a profound negative impact on the psychosocial functioning, wellbeing, and overall quality of life of patients (Kohler and Martin, 2006) . However, there are mixed reports about the nature of emotional abnormalities in schizophrenia. Some comparisons indicate a similar response to valenced stimuli in patients relative to controls, whereas others report a decreased or increased response (Cohen and Minor, 2010; Kring, 1999; Trémeau, 2006) . Clarifying the nature of emotional abnormalities in schizophrenia is a crucial step towards developing targeted and effective treatments that may lead to improved emotional functioning for individuals with schizophrenia.
The current meta-analytic review presents a comprehensive quantitative synthesis of studies that have applied the event-related potential (ERP) technique, an objective and direct measure of brain activity in response to stimuli, to elucidate the nature of emotional abnormalities in schizophrenia. Two specific ERP components, the P3 and late positive potential (LPP), are particularly valuable in the study of emotional functioning, as they reflect neural correlates of attentional allocation to emotional information (Hajcak et al., 2011 ) -a critical step in emotional regulation and emotional memory development (Gross, 2002; Talmi et al., 2007) .
Emotion in schizophrenia
Emotional dysfunction in patients has been assessed in multiple ways, including in self-reports of trait affect and clinician ratings, where the differences between patients and controls are largest. However, recently, it has been suggested that people with schizophrenia have intact in-the-moment, self-reported experience of positive emotion compared to control participants (Kring and Moran, 2008 ; but see Strauss et al., 2017) . In a meta-analysis of 26 studies that presented emotional stimuli, Cohen and Minor (2010) reported small differences Schizophrenia Research 211 (2019) 21-31 between schizophrenia patients and controls in self-reported positive emotion (Hedges' D = −0.16). Importantly, this does not appear to be the result of insensitive measures for self-reported positive emotion, as other disorders associated with emotional abnormalities (e.g., major depressive disorder) do show significantly diminished positive responding compared to controls (Dunn et al., 2004; Sloan et al., 1997) . At the same time, individuals with schizophrenia report high levels of trait negative emotion (Cohen et al., 2011) . It has also been suggested that patients show similar in-the-moment responses to negative stimuli as control participants (mean weighted effect size Hedges D′ = 0.24; Cohen and Minor, 2010) . Further, "ambivalent" emotional responses, characterized by some as the co-activation of both positive and negative emotion and by others as reports of feelings inconsistent with stimulus valence, have also been widely reported in schizophrenia (Bleuler, 1950; Docherty et al., 2015; Trémeau et al., 2009 ). These various findings have not yet led to a clear and unifying account of the extent to which people with schizophrenia experience emotion differently from healthy individuals. However, objective and direct measures of brain activity, such as event-related potentials (ERPs), could help reconcile these findings and identify mechanisms that contribute to aberrant emotional functioning in people with psychotic disorders.
The ERP technique offers a method of examining emotion processing that is complementary to self-report, clinician ratings, and behavioral methods. By synthesizing data across ERP studies of emotion processing in schizophrenia, we can elucidate one of the apparent conflicts in the literature: the finding that differences between patients and controls are greatest in self-reports of trait affect and clinician ratings of emotional dysfunction, whereas self-reports of in-the-moment emotion experience show much smaller differences. ERP studies of emotional functioning employ mixed methodologies, including passive viewing tasks and tasks wherein participants must respond verbally or by pressing a button. Additionally, the majority of these studies have small samples, making it difficult to determine whether findings support the large effects observed in self-reports of trait affect and clinician ratings or whether they fall more in line with measures of in-the-moment emotional experience. Currently, there is no comprehensive review of this literature, and the present article is the first quantitative analysis to examine studies of ERP responses to visual emotional stimuli in individuals with schizophrenia and healthy controls. By systematically examining objective measures of emotional experience in individuals with schizophrenia, this work will lead to a better understanding of patients' emotional abnormalities. This can contribute to targeted interventions that improve emotional functioning and, consequently, improve quality of life for individuals with schizophrenia.
The purpose of the current review is to determine whether patients and controls differ in magnitude in response to neutral, positive, or negative stimuli on late ERP components (P3 and LPP). Late ERP components are typically associated with sustained increase in attention to emotional information in healthy individuals . "Attention" is used here in the context of emotion processing, where it refers to subjective attention and the related constructs of attention to feelings (Vermeulen et al., 2018) , trait meta-mood (Salovey et al., 1995) , and self-reported attention to emotion (Gasper and Bramesfeld, 2006) . For example, attention to emotion is defined as "the degree of attention that individuals devote to their feelings" (Salovey et al., 1995, p. 127) . These constructs point to the sense in which "attention" can apply to a relatively later stage in emotional processing, once subjective interpretations come online. Additionally, though several studies have examined responses to neutral and emotional stimuli, the actual size of the difference between patients and controls using more objective measures remains unclear. We therefore seek to clarify the effect of valence by investigating potential differences between responses to neutral, positively, and negatively valenced emotional images, as measured by late ERP components.
ERP associated with motivational salience: P3
The P3 component can be divided into the P3a and P3b, with the P3a typically signifying the orienting of attention to a novel stimulus, even among a stream of unattended stimuli (Näätänen and Kreegipuu, 2011) . The P3b, on the other hand, is associated with the motivational salience of a stimulus, whether from intrinsic or extrinsic sources. The current review will focus on the P3b component (hereafter referred to as 'P3'), which generally appears as a positive deflection over Pz starting from 250 to 500 ms following stimulus presentation (Hajcak et al., 2011) .
P3 studies have traditionally used nonemotional stimuli (e.g., Xs and Os) in an oddball design comparing responses to infrequent 'targets' and frequent 'standard' stimuli (Polich, 2007) . Research indicates that the amplitude of the P3 is modulated by motivation, such that task demands and proportion of targets to standards impact the magnitude of the response to target stimuli (Duncan-Johnson and Donchin, 1977; Hillyard et al., 1973) . More recently, researchers have used the P3 to examine responses to emotional stimuli in similar oddball paradigms. The reason the P3 lends itself well to use in emotion studies is that emotional stimuli may serve as "natural targets," automatically capturing attention and requiring additional processing resources because of their emotional content (Hajcak et al., 2011) . The inherent motivational salience of emotional stimuli allows researchers to include positive and negative images in P3 studies as an index of emotional responding. 1
ERP associated with sustained emotional information processing: LPP
Similarly to the P3, another ERP component closely related to attentional allocation to emotional stimuli is the late positive potential (LPP). Appearing maximally over centro-parietal sites, the LPP is a positivegoing waveform starting from 300 to 2000 ms post-stimulus and continuing for up to several seconds (Hajcak et al., 2011) . As with the P3, the LPP is thought to reflect sustained attention to and processing of stimuli that are intrinsically motivating, such as emotional images . In addition, this sustained attention and processing is relatively automatic for both the P3 and LPP components (Bradley and Lang, 2007) . Given these important similarities, some have argued that the LPP can be considered a sustained P3 response, particularly in the context of emotional information (Gable et al., 2014) .
Both pleasant and unpleasant stimuli elicit increased amplitudes of the LPP waveform compared to neutral stimuli in healthy individuals, especially in cases where the emotional stimuli are related to survival, injury, or death (e.g., images depicting erotica or mutilation; Briggs and Martin, 2009) . The LPP appears to track with subjective arousal ratings, such that images rated as more arousing also elicit greater LPP amplitudes (Martin, Li, and Castro, under review; Weinberg and Hajcak, 2010) . Because the LPP is considered to reflect the sustained attentional processing of motivationally relevant emotional stimuli, it may play an important role in the emotion deficits observed in schizophrenia. 2
The current study
The goal of the current meta-analytic review was to establish whether there are significant differences in responses to neutral, positively, or negatively valenced visual stimuli in individuals with 1 Although the neural origins of the P3 are a subject of continued debate, evidence from functional magnetic resonance imaging (fMRI), electroencephalography (EEG) source localization techniques, and intracranial recordings have pointed to areas in the cerebral cortex, particularly the parietal and temporal lobes, as likely sources of the P3 (Polich, 2007) . It is plausible that the P3 is generated from a neural circuit linking these parietal and temporal areas, reflecting the activation of attentional and working memory systems.
2 Efforts to localize the origins of the LPP in the brain using fMRI and EEG techniques have led to the understanding that brain areas involved in emotional processing (i.e., ventrolateral prefrontal cortex, insula, and prefrontal cortex) may serve as potential LPP generators (Liu et al., 2012; Sabatinelli et al., 2013) .
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M.K. Castro et al. / Schizophrenia Research 211 (2019) 21-31 schizophrenia and schizoaffective disorder compared to healthy controls using the P3 and LPP waveform amplitudes. In addition, the current review investigated the role of other variables across studies and samples that may potentially moderate these effects, such as measurement approach, time window examined, task procedures, and image content (see Supplementary material). These variables were chosen for moderator analyses, as they represent the task and participant characteristics often controlled in patient studies.
Materials and method
The current meta-analysis followed PRISMA guidelines (Moher et al., 2009 ) for transparent and replicable methods and findings. Please see the Supplementary material for the PRISMA checklist.
Eligibility criteria for meta-analysis
Inclusion criteria for the current analyses were as follows: 1) the study included a sample of patients meeting DSM-III-R (American Psychiatric Association, 1987) or DSM-IV-TR (American Psychiatric Association, 2000) criteria for schizophrenia or schizoaffective disorder; additionally, studies using DSM-5 (American Psychiatric Association, 2013) criteria would have been eligible for inclusion, but none of the studies in the current analysis used DSM-5 criteria; 2) the study included a nonpsychiatric control sample (i.e., individuals with no history of psychopathology determined by a screening or diagnostic interview); 3) the stimuli used in the study included positively or negatively valenced visual images (e.g., faces, scenes, objects); 4) at least one of the ERP components of interest (P3 and LPP, from 300 to 2000 ms) was measured; 5) mean amplitudes or peak amplitudes were reported for the P3/LPP waveforms for patients and control subjects; 6) statistics were reported that allowed for calculation of effect size (standardized mean difference between groups) of P3/LPP ERP waveform amplitude (or the authors provided us with this information, upon request); and 7) study findings were reported in a peer-reviewed journal article in English. Studies were excluded if they did not meet inclusion criteria. There were no other exclusion criteria. The literature search took place between October 19, 2015 and May 2, 2019. 3 In response to the variability in ERP nomenclature across studies, we distinguished the P3 and LPP ERP components by time course and topography. 4
Information sources, search terms, and study selection
We searched the online databases PubMed, PsycINFO, and Google Scholar for relevant studies using the following search terms: schiz* AND (EEG OR ERP) AND (P3 OR LPP OR late positive complex OR late positive component OR LPC OR late positivity) AND (emotion* OR affect*). The articles resulting from this search were examined for eligibility, and articles referenced by or referencing each article resulting from the computer search were also examined for eligibility for the metaanalysis. Furthermore, we contacted experts in the field with more than two articles identified in the keyword searches for any additional articles meeting our criteria. We contacted the corresponding author of the study when the information needed to calculate effect size was not reported in the article. 5 Fig. 1 shows a PRISMA flow diagram of systematic search and study selection (Moher et al., 2009 ).
Data analysis plan
The primary variables of interest were mean amplitudes of P3 and/or LPP waveforms to neutral, positive, or negative visual stimuli in individuals with schizophrenia compared to healthy controls. Standardized mean amplitudes, standard error, and 95% confidence interval (CI) of P3 and/or LPP waveforms were calculated for each study. All analyses were conducted in the statistical software program R (R Development Core Team, 2011), using the metafor package for meta-analysis (Viechtbauer, 2010) .
Estimates were calculated using a random-effects model and the Q statistic was used to test for heterogeneity of the effect size distributions. Funnel plots graphing the effect sizes of each study against the study's sample size were created and Egger's regression test of funnel plot asymmetry was used to assess publication bias. Bias is unlikely in this analysis, as the contrast examined here is not the primary effect of interest in most of the included studies. For example, one study examined ERPs and empathic responses in patients (Corbera et al., 2014) . The partitioned Q statistic was used to examine the effects of potential moderators.
Results

Characteristics of included studies and samples
Information about the characteristics of included studies is shown in Table 1 . 6
Results for responses to neutral visual stimuli
The results for responses to neutral visual stimuli for the patient and control groups are summarized in Table 2 , and a corresponding forest plot of the effect size and 95% confidence interval (CI) for each study is presented in Fig. 2 .
As shown in Table 2 , the weighted mean Hedges' g effect size of the nine studies examining responses to neutral images was not significant (Hedges' g = −0.06, p = 0.807), and the distribution of effect sizes was significantly heterogeneous (Q total (8) = 70.45, p b 0.001; I 2 = 91.99%). The funnel plot appeared symmetrical (see Supplementary Fig. 1 ), and Egger's test of funnel plot asymmetry was not statistically significant (z = −0.02, p = 0.98), suggesting limited influence of publication bias.
Results for responses to positive visual stimuli
The results for studies using positive images are shown in Table 2 . A forest plot of the effect size and 95% CI for each study is presented in Fig. 2 .
As can be seen in Table 2 , the weighted mean Hedges' g effect size of the seven positive-image studies was not significant (Hedges' g = −0.27, p = 0.242), and the distribution of effect sizes was significantly heterogeneous (Q total (6) = 22.24, p = 0.0011; I 2 = 87.53%). The funnel plot appeared asymmetrical (see Supplementary Fig. 1 ), but Egger's test of funnel plot asymmetry was not statistically significant (z = 0.51, p = 0.61), indicating that publication bias was unlikely to influence effect size. Table 2 shows the results for responses to negatively valenced visual stimuli for the patient and control groups. A forest plot of the effect size and 95% CI for each study is presented in Fig. 2 .
Results for responses to negative visual stimuli
As seen in Table 2 , there was a small weighted mean Hedges' g effect size of the 13 studies examining responses to negative images. The amplitude of the patient group was smaller than that of the control group, and the effect size was significantly different from zero (Hedges' g = −0.32, p = 0.0196). There was significant heterogeneity in the distribution of effect sizes (Q total (12) = 46.60, p b 0.001; I 2 = 75.47%). The funnel plot appeared mostly symmetrical (see Supplementary Fig. 1 ). There was no evidence of a significant influence of publication bias, analyzed using Egger's test of funnel plot asymmetry (z = −0.02, p = 0.98).
For negative image studies, we conducted additional analyses of measurement approach, time window examined, task procedures, and image content as possible moderators. Though these results should be interpreted with caution given the small number of available studies, analyses indicated that measurement approach, time window examined, and task procedures did not account for a significant proportion of heterogeneity of effect sizes. Image content did appear to be a significant moderator, with studies using other (non-face) images having smaller mean effect sizes than studies using images of faces, on average. More information regarding moderator analyses can be found in the Supplementary material and Table 3 . Additional details for each study can be found in Table 4 .
Parallel analysis of difference scores
In order to confirm our results with a direct examination of impairment across emotional and neutral images, we conducted further analyses comparing difference scores between groups. Specifically, we subtracted responses to neutral images from responses to negative images within each group (i.e., negative minus neutral) and did the same for positive images (i.e., positive minus neutral). For the purpose of this analysis, and in the absence of enough information to determine the correlation between components for each sample, we assumed there was no correlation. This approach tends to result in relatively large, conservative standard errors. The results of this analysis were consistent with the results by emotion type: patients showed a smaller difference between neutral and negative images compared to healthy controls, and this difference was significant for both groups. For the difference between neutral and positive images, patients showed a similar effect size as with negative images, despite this difference being nonsignificant. Forest plots of effect sizes for each study can be found in Supplementary Fig. 2 .
Discussion
The results of this meta-analysis suggest a small possible disruption in attentional allocation to valenced visual stimuli in schizophrenia and schizoaffective disorder. At the same time, patients and controls responded almost identically to neutral stimuli, indicating a potential abnormality in early attentional allocation may be specific to valenced visual information. 7 Based on the available information, the current findings have implications for how we conceptualize dysfunction in schizophrenia spectrum disorders.
Small reduction in response to negative visual stimuli in patients
The findings of the current analysis indicate that patients showed a small, significant reduction in attention allocation to negative images compared to controls. At the same time, individuals with schizophrenia or schizoaffective disorder consistently report higher levels of negative emotion compared to control participants (Horan et al., 2008; Trémeau, 2006) . Considering these results together, it is possible that because patients have significantly higher trait negative affect, they allocate less attention to negative information because it is their "norm." That is, given that their baseline level of negative affect is already high, negative stimuli do not capture their attention in the same way as they do for control participants. Consistent with this theory, it is widely reported that individuals show diminished responses to familiar stimuli across a variety of biological systems (Bradley et al., 1993) . Thus, it is possible that patients do not allocate attention to negative stimuli to 7 In the literature on automatic sensory processing, "early" frequently refers to ERPs peaking before 250 ms. However, because our research question is narrowly focused on attention in the context of emotion processing, we use the term "early" to distinguish the initial stages of attention allocation to the emotional aspects of stimuli from later emotion processing stages, which may continue for several seconds. Increased LPP amplitude and emotional modulation of the LPP can continue for a number of seconds following emotional image onset ; thus, it is important to draw a distinction between these later processing stages and the relatively "early" attention allocation steps. Additionally, several of the studies included in the present analysis distinguish between "early" and "late" processing stages with regards to P3 and LPP (e.g., Andersen et al., 2015; Horan et al., 2013) . 25 M.K. Castro et al. / Schizophrenia Research 211 (2019) 21-31 the same extent as control participants because the stimuli lack the same novelty.
Consistent with the current findings for schizophrenia, blunted P3 and LPP waveforms to negative stimuli have been reported in groups at risk for psychopathology as well as in individuals already diagnosed with a disorder. For example, Strauss et al. (2018) found diminished LPP amplitudes in individuals who are at ultra high-risk for psychosis. A similar finding has also been reported for individuals at risk for depression (Kayser et al., 2017) and those with psychopathic traits (Medina et al., 2016) . Additionally, individuals with major depression (Foti et al., 2010) or non-psychotic bipolar I disorder during an episode of mania (Ryu et al., 2010) show reductions in these later ERP components in response to unpleasant stimuli. Thus, measures of attentional allocation to negative stimuli may indicate risk for or current psychopathology.
Small, nonsignificant reduction in response to positive visual stimuli in patients
The current meta-analysis found a small, nonsignificant reduction in response to positively valenced visual stimuli for individuals with schizophrenia or schizoaffective disorder compared to healthy controls. Although nonsignificant, the effect size was of similar magnitude as the size of the difference between patients and controls in response to negative image studies. It is possible that, while the effect sizes were similar for positive and negative image studies, the current analysis had insufficient power to detect significant differences in the case of positive image studies because there were fewer available studies to include in the analysis. Thus, the fact that positive and negative image studies had similar effect sizes may be more meaningful than the fact that only responses to negative images were statistically significant (for a discussion of this issue, see Gelman and Stern, 2006) .
The finding of a small reduction in response to positively valenced images for individuals with schizophrenia is largely consistent with literature indicating small differences between patients and controls in self-reported positive affect in response to positive stimuli (Cohen and Minor, 2010) . Although current findings suggest only a small abnormality with respect to attentional allocation to positive stimuli, differences regarding positive emotions between individuals with schizophrenia spectrum disorders and healthy controls may emerge at later stages of processing. For example, a deficit in sustained (as opposed to initial) attention to positive information may be related to findings that schizophrenia is associated with memory impairment for emotional experiences, particularly over long time periods (Herbener, 2008) . This is because sustained attentional allocation involves "embellishing" stimuli by linking them to other information (Anderson, 2005) and deepening encoding of to-be-remembered information (Anderson and Reder, 1979) . This process, sometimes referred to as elaborative processing, persists for a minimum of several seconds (e.g., Martin et al., 2018; Siegle et al., 2010) and results in more durable and easily recalled memories than non-elaborated material (Anderson, 2005; Craik and Lockhart, 1972) . Thus, impaired sustained attention to positive information could contribute to a downstream deficit in memory for emotional information in schizophrenia. Relatedly, deficits in memory encoding and retrieval (Strauss and Gold, 2012) , as well as abnormal elaborative processing (Martin et al., 2018) , have been linked to low-pleasure beliefs (i.e., beliefs that one does not generally experience pleasure or that certain activities and events are not pleasurable). Low pleasure beliefs have been associated with anhedonia (Yang et al., 2018) and may partially account for the findings that individuals with schizophrenia report diminished experience of positive affect compared to healthy individuals (Kring and Moran, 2008) . Self-reported desires to attend to or ignore emotions also show large differences between patients and controls (Martin et al., 2013) , which supports the theory that subjective awareness of attentional allocation (to a sufficient extent such as to allow self-report) may become most apparent later in processing, when these downstream differences arise.
Mean response
Small, nonsignificant differences between patients and controls to neutral visual stimuli
The present analyses found a very small, nonsignificant difference between the P3 and LPP responses of patients with schizophrenia or schizoaffective disorder and healthy controls in response to neutral visual stimuli. Thus, as opposed to evidence of increased amygdala activation to neutral stimuli in individuals with schizophrenia (Kring and Barch, 2014; Kring and Elis, 2013) or self-reports of higher positive and negative emotion coactivation in response to neutral stimuli Fig. 2 (continued) . Note: SE: Standard error. Measurement approach: whether the study used mean or peak ERP amplitudes. Time window examined: "extended P3," wherein the time window measured had minimal overlap (b32%) with the conventional P3 time window (i.e., the majority of time measured was after 500 ms) or "conventional P3", wherein N32% of the total time window measured fell within the conventional P3 time window. Task procedures: whether study used a passive viewing or response required paradigm during ERP recording. Image content: whether study used images of faces only or used "other" images including people, objects, and scenes. Bold values represent statistically significant moderators. compared to controls (Cohen and Minor, 2010) , the results from this meta-analysis suggest similar early attentional allocation to neutral stimuli between the groups. Given that some techniques (i.e., functional magnetic resonance imaging, self-report) assess functioning at different stages of emotion processing (Berkman et al., 2014) , they may allow for biases and beliefs about emotion to influence responses. This is in contrast to ERP measurement, which is a more direct assessment of early attention that is less likely to be influenced by beliefs. These findings, taken together, suggest that there may be a distinct time course of emotion abnormalities in schizophrenia.
Mean response
In general, it would be important for researchers to incorporate a neutral condition that is methodologically consistent with other conditions when investigating responses to emotional stimuli in future studies. Studies examined for this review were not always consistent in their conceptualization and measurement of responses to neutral and emotional stimuli. As a result, only studies with neutral conditions that were procedurally similar to emotion conditions were included in the analyses (k = 9). Differences between task procedures for neutral and emotional stimuli may complicate efforts to distinguish results related specifically to the emotional nature of stimuli. Including neutral stimuli and maintaining consistent task procedures across stimulus types makes it possible to draw more robust conclusions about whether differences between patients and controls actually reflect a deficit specific to emotion processing or whether patients show an overall blunting of ERPs in response to visual stimuli. However, the current finding that both groups show similar responses to neutral images suggests that individuals with schizophrenia have relatively intact processing through the first several thousand milliseconds of viewing for neutral stimuli. Thus, any abnormalities found in response to emotional images (i.e., positive or negative images) may be attributable to the specifically emotional nature of those images.
Limitations and conclusions
Despite adherence to the PRISMA guidelines (Moher et al., 2009 ) for transparent and replicable methods and findings, there are some limitations to the current review. Unpublished manuscripts were solicited, but no manuscripts eligible for inclusion were found, and information required for inclusion was not available for all eligible studies. Additionally, there were insufficient details regarding sample characteristics, such as symptom levels, duration of illness, functional impairment, and medication dosage information, to test these as potential moderators across all studies. These may be potential sources of the significant heterogeneity of the effect size distribution detected in response to all image types. Additionally, the results generalize only to adult populations, as none of the included studies involved participants under the age of 18.
Despite these limitations, the current review is the first to show that initial attention allocation to positive and negative images is slightly diminished in schizophrenia and schizoaffective disorder. The size of the difference between patients and controls for valenced stimuli was small, with patients showing slightly blunted ERP waveforms. The disruption of attention allocation to valenced stimuli, coupled with the finding of intact early-stage responding to neutral images, suggests that impaired initial allocation of attention may be specific to valenced stimuli in schizophrenia. Thus, the analysis presented here contributes to furthering the current understanding of abnormal emotional processing in schizophrenia spectrum disorders.
Supplementary data to this article can be found online at https://doi. org/10.1016/j.schres.2019.07.013.
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